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OR TUMOR CELLS BY A CD-BINDING SUBSTANCE AND USES THEREOF 



Field of the invention 

The present invention is in the fields of therapy and pharmaceutical 
compositions. The invention relates to methods and means, in prvrticular >• 
pharmaceutical products, for inhibiting the transmigration of cells from the ^ 

10 bloodstream into a target tissue and for treating a pathological condition Q 

associated with such cell transmigration. By providing substancc^s inhibiting yj 
or reducing transmigration of cells, such as leukocjrtes in particular, the 

invention provides new therapeutic approaches to various infLanl matory ^ 

disorders and/or tumor metast^ases of various organs and/or tissues in the ^ 

15 mammalian body. ^ 

Background of the invention CO 

Leukocyte transmigration is the process whereby leukocytes migrate ^ 
in and out of the vasculature to sites of inflammation, which is of 
20 normal immune surveillance and host defence against infection. TThe cellular 
and molecular mechanisms xmdcrlying leukocyte transmigration have been 
studied extensively (for reviews see Springer 1994> Weber 2003, Luscinskas 
2003). 

The current model of leukocyte transroigration is that aftet initiaJ. 

25 contact or tethering, the leukocsrte rolls along the endothelium. During 
rolling, rapid and transient adhesion contacts between the leuko/^yte and 
the endothelium are associated with active signalling which will lead to 
arrest and firm adhesion of the rolling leukocyte on the vessel w^Jl. Upon 
firm adhesion, the leukocytes crawl across the vessel wall and subsequently 

30 squeeze in between tightly apposed endotheUal cells to enter the underlying 
tissue (diapedesis), where they release chemical mediators to con\bat 
infection. 

Adhesion molecules are critically involved in all steps of ths 
transmigration process; these can be grouped into selecting, interns and 
35 members of the immunoglobtdin superfemily. Whereas tlie first stages of 
leukocyte transmigration (rolling and adhesion) have been studied 
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extexxsively. less is known about the regulation of the later steps including 
diapedesis and the role of endotheUal junctions therein. 

Leukocyte transmigration not only occurs during normal 
. inflammatory responses, but is also associated with several inflammatory 
5 disorders where leukoc3^ txansmigration and subsequent production of 
toxic mediators may cause the destruction of otherwise normal tissue. For 
exaxDple, in patients with multiple sclerosis Q&S) large numbers of leuko- 
cjrtes are foimd in the CNS parenchyma and their presence is associated 
with tissue damage. There are numerous other pathological conditions 

10 where tissue damage is associated with increased transmigratioTi of 

leukocytes into a target organ or tissue. These include rheumatoid arthritis, 
Crohn's disease, stroke, traumatic brain or spinal cord injury, Alzheimer's 
disea.ee, AIDS dementia, atherosclerosis, diabetes, myocard infai^ction, and 
tissue or organ transplantation (host-versus-graffc and graft-versUs-host 

15 disease). In addition, ceUular transmigration is iavolved in tumot 
metastasis when tumor cells use the bloodstream to £brm metasti^ses 
elsewhere in the body. 

Such tTansmigration-related disorders may b© treated by iliterfering 
with one or more steps in the treuismi^ation process (i.e. tetheriflig, rolling, 

20 firm adhesion, diapedesis), which will block the entry of leuKocytfcss and thus 
prevent the release of <x>xic mediators in the tissue. In attempting? to block 
transmigration, prior art has focuesed on inhibiting the binding ef leuko- 
cytes to the endothehal surface by direct targeting of adhesion m^^lecLiles on 
the endothehum and their receptors on the leukocyte. This has led to an 

25 emerging class of new cojxipovinde known as selective adhesion m^alectde 
inhibitors (for review see XJlbrich 2003). The best example is natslizumab, 
an antibody t-hat antagonises YLA-4, a leukocyte receptor for the adhesion 
molecule VCAM-1 present on the endothelial surEace. VLA-4 antagonists 
can block leukocyte transmigration in vitro and in vivo in animal models, 

30 resultiag in a reduction of disease severity in the latter (e.g. Yedttock 1992; 
Meerschaert 1995). Natalizumab (Antegren®) is now being evaluated in 
clinj.cal trials for mtiltiple sclerosis (Miller 2003) and Crohn's disease (Ghosh 
etal. 2003). 

Unfortunately, there is paucity in the number of lead targets being 
35 evaluated for the treatment of transuaigration-relatcd disorders. In addition, 
current leads are usuaJUy targeting a single adhesion molecule, wlHereas 
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several different adhesion molecules are involved in leiikocyte 
transinigratj.on. The prior art does not provide targets that aimuttaneously 
regulate the actions of several different adhesion molecules. Thei»e is a need 
of other targets and especially targets which involve the actions cif a 
plurality of adhesion molecules. The present invention addresses the above 
and other needs. 

The biological molecule CD81 (also known ae TAPA or TAPANI) is a 
member of the tetraspanin family of small, membrane proteins, composed of 
four conserved transmembrane domains and two extracellular loe)ps. Within 
the plasma membrane of cells, tetraspanins are found in large co^nplexes 
together with integrins, other tetraspanins and several other proteins. 
Telxaspanins are functionally implicated in cellular proliferation, motility, 
adhesion, and activation in a range of tissues. For reviews on t^tjfaspanins 
see Hemler 2003, Boucheix 2001. 
15 CD81 is broadly expressed in mammals, with relatively hi$h. levels in 

leukocjrtes and in glial cells of the central nervous system (CNS). The 
primary CD81-asaociated membrane proteins include the integrin and 
adhesion molecule VLA-4 (Mannion 1996), and the immunoglobuJin 
superfamily proteins EWI-2 and EWI-P (Hemler 2003). Furthermore, CD81 
20 associates with signalling molecules such as phosphatidylinositol 4-kinase 
and protein kinase C (Hemler 200 X). 

CD81 has multiple functions in various tissues. In the immune 
system CD81 is involved in the development of Th2 immune responses as 
well as in antigen presentation. In the brain, CD81 is involved in the control 
5 of glial cell numbers (Geisert 2002: Kelic 2001) and scar formation. (Irwin 
1993). It has been shown that a CD81 antibody inhibits the prolife^ration of 
rat astrocytes (Geisert 1996). Increased numbers of astrocytes are present in 
the brains of CDSl knockout mice where the astrocytes apparently have 
undergone increased proliferation (Geisert 2002). Furthermore, C.t)8l has 
been identified as a co-receptor for hepatitis C virus (Pileri 1998). Finally, 
there is evidence for involvement of CD81 in cellular motility (e.g. Yane^Mo 
1998; Penas 2000). 

A large number of patent docinnents mentions CD81 and sxiggesbs a 
biomedical utihty thereof Some relate to the development of specific classes 
of CDSl binding agents. Thus, WO 02/02631 is related to structure^based 
drug design based on the crystal structure of C.D81 in order to obtain a drug 
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for treatLug hepatitis C infection. WO 03/040333 is related to the design of 
CD81 binding agents based on NrSl, a putative receptor protein for CD81 
identified in neurons, useful ia a method for inhibiting proliferation of 
astrocytes. Inhibition of astxocyte proliferation by CD81 itself is taught by 
WO 02/058709. Furthermore, WO 03/040333 teaches the use of GDSl to 
enhance the survival of neurons in neurodegenerative diseases if^dudin^ 
midliple sclerosis. WO 03/053342 teaches modulation of CD81 esc&ressiott by 
antisenee technology for the treatment of diseases associated with 
expression of CD81. 

Other patent documents mention CD81. in a long list of m.^jfcerB for a 
particular cell type, such as B cells, neuraJ stem cells and endothelial ceUa. 
For example, WO 00/67796 daim the utility of antagonists bindifig to B ceU 
surface markers for treatment of autoimmune diseases. The list <:)f examples 
of B ceU markers includes CD81, but all experiments relate to th^ anti- 
15 CD20 antibody rituximab and no experimental detail is provided on the 

production and use of anti-CDSl antibodies. WO 02/086082 provides a hst of 
neural stem ceU markers including CD81 and proposes to use su6h markers 
in a method for enriching for neural stem, cells. WO 03/084469 provides a 
Hst of endothelial ceU markers including CD81 and proposes to uiSe such 
markers for targeting a therapeutic complex to a selected tissue. 

Some patent documents, e.g. WO 99/18198 and US 2003/01573.32, 
relate to the use of CD81 in the diagnosis and treatment of hepat^itie C 4.-us 
infection. 

WO 98/25647 (Beth Israel Deaconess Medical Center) claims the use 
25 of CD8i:mediated signal transduction to interfere with mast cell activation 
and to treat allergic conditions including asthma, hay fever or atdpic 
eczema. 

None of these patent dociunents concern transmigration of leukocytes, 
or more specifically transmigration of T cells and monocytes. 

It. has been demonstiated that anti-CDSl antibodies can affect 
ceUular motiHty induced by the in vitio scratching of confluent monolayers 
of epithelial or mesenchymal cells (Mazzocca 2002, Penae 2000 Y^nez-mo 
1998. Domanico 1997). There is also a report of CD81 antibodies ^^ecting 
the m vitro motility of leukocytes, in this case of a mouse T ceU liiie (Clai-k 
2001). Nothing is known about CD81.mediated motility in other If^ukocytes 
for example monocytes. B cells, natural kiUer cells, or polymorphotxuclear ' 
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cells. Available evidence su^ests that CDS! inflitences cellular ftaotility 
through an integrm-related mechanism (Berditchevski 2001). It appears 
that CD81 is critical for activation of VLA-4 during leukocyte adhesion to 
surfaces coated wj.th a VLA4 ligand (Feigelson 2003). 
5 The scientific literatiure described above on the involvexnefit of CD81 

in ceUular motility over non-cellxalar substrates in vitro does not allow to 
draw conclusions about its role, if any, in leukocjrte transmigratit)n in vivo. 
Transmigration of leukoc^.es reqiiires active signalling from the leukocyte 
to its substrate, the endotheUiim, and vice versa. For escample, the 

10 transition from leukocyte rolling to arrest and firm adhesion ie etihanced by 
chemolcine secretion from the endothehum (e.g. Alon 2003). Furtiiermore, 
during diapedesis (i.e. the actual passing of the leukocyte between apposing 
endothehal cells) the endotheUal cells have to open and close the tight 
endotheUal lateral junctions. In addition, it has been suggested that 

15 leukocytes could even migrate through the cell body of an endothehal cell. 
Thus, in contrast t*o the case of cellidar motility in vitro, the suhs^trate (i.e. 
the endothelial cells) plays a vexy active role in leukoc3rte transmigration. 



20 



Summary of the invention 

This invention is based on the novel finding that CDSl is important 
for the transmigration of cells, such as leukocytes and tumor cellf?, and that 
such transmigration can be inhibited efficiently by targeting CDfil. 

The present invention proposes CDSl as a novel target to sluppress 
leukocyte transmigration in a treatment for inflamjmatory disorders and 
25 other diseases associated with the transmigration of cells. 

Disclosed is the surprising finding that an anti-CDSl antibody is 
capable of inhibiting the transmigration of leukocytes across a monolayer of 
endothelial cells in vitro. Furthermore, it is disclosed that administration of 
an anti-CDSl antibody in vivo results m reduction of clinical symt^toms in 
30 an animal model for an inflammatory disorder known in the art to depend 
on the txansmigration of leukocytes. It is contemplated that the 
administration of anti-CDSl antibodies or other CDSl-binding agents in a 
pharmaceutical composition in vivo can be used to treat subjects {buffering 
from a range of inflammatory disorders. Furthermore, the method of the 
35 present invention m,ay be used to prevent the transmigration of titaior cells 
in subjects sufiGering from malignant di.sease. 
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This invention provides for the use of a CD81 binding age^t for 
manoifacturing a medicament for iahibiting or reducing transmi^ation of 
cells, such as leriiocytes and tumor cells. 

Said CD81 binding agent is preferably selected from the gtoup 
consisting of CD81-binding polyclonal, monoclonal, chimeric, hutnanized, 
and ftdly human antibodies; CDSl-binding Fab, F(ab02 or other totibody 
fragments, CDSl-binding single chain Fv's, CDSl-binding CDRs or other 
CDBl-binding peptides, aptamers and smeJl molecules. 

Said leukocytes preferably are T lymphocytes or monocytes. 
Said medicament preferably is for use in the treatment or prevention 
of an xnfllamjnatory disorder associated with leukocyte transmigf^ation, or 
tissue damage caxised by such disorder. Said disorder preferably is one of 
multiple sclerosis, stroke, spinal cord injury, traumatic brain injAiry, 
meningitis, Alzheimer's disease, Parkinson's disease, AIDS demnntia, 
atherosclerosis, diabetes, inflammatory bowel disease (including Crohn's 
disease and ulcerative colitis), ischemia-reperfuBion injury (induding 
ischenuc stroke and myooard infarction), rheumatoid arthritis, 
osteoarthritis, psoriasis, complications of tissue or organ transplantation 
including graffc-versus-host and host-versus-graft disease. 

According to. another preferred embodiment, said raedicanJent is for 
use in the treatment or prevention of txmior metastasis associated with 
transmigration of tumor cells. 

This invention also provides a method for inhibiting or reducing 
transmigration of cells, such as leukocytes or tiunor cells, comprisiD.g 
contacting said cells with a CD81 binding agent. 

Preferably, an efiBssctive amount of said CD81 binding agen<; is 
administered to a mammal suffering from, or being at risk of developing, an 
infl^jnmatoiy disorder associated with leukocyte transmigration, or idssue 
damage caused by such disorder, or an effective amount of said Ct)81 
binding agent is administered to a mammal suffering from, or being at risk 
of developing, tumor metastasis associated with transmigration of tumor 
cells. 

Brief description of the drawings 

Figm-e 1 is a graph showing that leukocyte transmigration is 
inhibited by anti-CD81 antibody in viti o. NR8383 monocytes were? allowed 
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to transmigrate for 4 hours across confluent monolayers of GPS <yadothe.Ued 
cells, in the presence or ahsence of anti CD81 antibody or an irrelevant 
isotype matched control antibody at 10 or 50 H^/ml. Results are expressed as 
a percentage of the transmigration observed in the absence of antibody; data 
points represent mean db SD (n=4). Asterisks indicate statistically significant 
dififerences (p<0.05). The graph clearly demonstrates a dose-dependent 
inhibition of monocyte transmigration by anti-CD81 antibody, with maximal 
inhibition at a concentration of 50 vlq/voI. Furthermore, monocyte trans- 
migration ia not affected by the presence of conti'ol antibody. 

Figure 2 depicts a graph illustrating that the inhibitory e^ect of anti- 
C.D81 Jintibodj'- on lexikocyte transmigration is predominantly, but not 
exclusively, mediated through CD81 present on the leukocytes aft opposed to 
the endothelium. NR8383 monopytes and confluent monolayers oif GPS 
endothehal cells were separately preincubated with 50 ng/ml of aiiti-CDSl 
or control antibody for 30 win. Preincubation with anti-CD81 aniibody was 
performed with either endothelial cells only (EC), with monocytes only (Mo), 
or with both monocytes and endothelial cells (BC+Mo). After prei^icubation, 
the antibodies were washed away and the monoc3rtes were allowed to 
transmigrate across the endothelial cells for 4 hours. Results are expressed 
as a percentage of the transmigration observed in the absence of ft.ntibody; 
bars represent mean :t SD (n=4). Asterisks indicate statistically significant 
dififerences (p<0.05). The graph shows a significant inhibition of Iftukocyte 
transmigration when both endothelial cells and monocytes were treated 
with anti-CD81 antibody; Preincubation of monocytes alone resulted ia a 
similar level of inhibition, whereas preincubation of endothelial cells alone 
was lees inhibitory, although still significantly dijBferent firom control treated 
cells. 

Bgtu-e 3 depicts the effect 6f pre-actiyation of the endothelisd cells on 
the inhibitory effect of anti-CD81 antibody on leukocyte transmigration. 
NE83S3 monocy1;es were aUowed to transmigrate across monolayers of GPS 
endothelial ceUs, which had been ctdtured for 48 hours with or without a 
combination of the proinflammatory cytokines IL1~6 (100 ng/ml) and IFNy 
(200 U/ml). Transmigration was performed in the presence or abst=!nce of 
anti-CD81 antibody (50 fig/ml) or anti-VLA-4 antibody (10 fig/ml). The anti- 
VLA-4 antibody was included for comparison, since fcranamigratioA 
inhibition by this antibody is particularly sensitive to activation of the 
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endothelial cells (Floris 2002). Results are given, as a percentage of the level 
of transmigration observed in the absence of antibody. For non-activated 
endothelial cells (gray bars), 100% corresponds to 20 ± 1% migrated cells of 
the .total number of added monoqTtee; for stimulated endothelial cells (black 
5 bars) the 100% value coixesponds to 23 db 2% migrated ceUs. The graph 
shows that activation of the endothelial cells further increased tjUe 
inhibitory effect of anti-CD81 antibody. In addition, the level of Jnhibition 
observed on activated endothelial cells in the presence of anti-C.t)81 
antibody is similar to that observed in the presence of VLiA4 antibody. 

10 Figure .4 depicts a graph showing the effect of administration of an 

anti-CD81 antibody in vivo on chnical scores in mice suffering ixfym. 
experimental autoimmune encephalitis (EAB). The anti-mouse 0D81 
antibody Bat2 was injected i.p. every other day starting at 6 day.'S aftar 
immunization as radicated by the arrows; controls were injected 'with PBS. 

15 Injections were continued until 23 days after immunisation. The data are 
represented as mean ± SEM (n=8 for Bat2 treated group; n=10 ftJtr confetol 
group). The graph shows that EAE scores are sigmficantjy reduced in Eat2 
treated mice (squares) as compared to controls (triangles). The b€>neficial 
effect of the antibody ia apparent from the very onset of symptoms and lasts 

20 throughout the course of the experiment, even after txeatment is 
discontinued after 23 days. 

Detailed description of the invention 

The present invention provides a method for inhibiting the 
25 transmigration of cells, such as leukocytes or tumor cells, comprising 
contacting said cells with a CD81 binding agent. 

Additionally, the invention provides a method for treating a subject 
suffering from an inflammatory disorder that is associated with leukocyte 
transjoiigration. 

30 The term leukocytes' refers to white blood ceUs, more in particular 

monocytes, T lymphocytes, B lymphocytes, natural kiUer (NK) cells, and 
polymorphonuclear ceUs. Most preferably, the leukocytes are T lyfiiphoqytes 
or monoiTtes; 

As used herein, 'leukocyte transmigration' is deJBned as the process 
35 whereby leukopytes leave the bloodstream and enter into a target tissue, 
resulting in an increased number of leukocytes present within sai<J target 
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tissue. As used herein, 'inhibition of transroigration' refers to a {Partial or 
complete reduction in. the number of leukocytes that is present iii a target 
tissue after having crossed by any mechanism a biological barrier containing 
endothelial cells. In the context of the invention, the biological barrier may 
5 comprise either an in vitro system containing endothelial cells, or the wall of 
a blood vessel in a mammal in vivo. *Mammal' as used herein inc^ludes man. 

Furthermore, the method of the present invention may be used to 
prevent the transmigration of tumor cells in the process of met^f^itasis. 

It is contemplated that treatment with a pharmaceutical (Composition 
10 containing a CD81 binding agent will at least partially prevent leukocyte 
transmigration and thus reduce tissue damage in a subject suffering from 
) an inflammatory disorder. Inflammatory disorders that may be 1*reated with 

said pharmaceutical composition include, without lioaitation: (multiple 
sclerosis), stroke, spinal cord injiuy, traumatic brain injury, meiiiingitis, 
15 Alzheimer's disease, Parkinson's disease, AIDS dementia, atherosclerosis, 
diabetes, inflammatory bowel disease (including Crohn's disease and 
ulcerative coUtis), ischemia-reperfusion injury (including ischemic stroke 
and myocard infarction), rheumatoid arthritis, osteoarthritis, pscvriasis, 
complications of tissue or organ transplantation including graft-Versus-host 
20 and host- versus- graft disease. More preferably, the inflammatory disorder is 
MS or iaflammatoiy bowel disease. 

Additionally, the method of the present invention may be Used to 
inhibit the transmigration of tumor cells in order to prevent tum«r 
metastasis in a subject suffering from mahgnant disease. 
25 Treatment according to this invention comprises both therApeutic and 

prophylactic treatment. 

The invention thus provides a pharmaceutical composition for 
reducing or preventing leukocyte transmigration in a manunal, preferably a 
human, suffering from an inflammatory disorder. Said pharmaceutical 
30 composition comprises a CD81 binding agent together with a 
pharmaceutically acceptable carrier. 

As used herein., a 'CD81 binding agent» is defined as a substance that 
binds to CD81 in such a way that this bin ding results in a moduld tion of the 
biological activity of the CDBl-expressxug celL Preferably, the CD^^l^ 
35 expressing cell is a leukocyte and the biological activity is transmigration as 
described above. The CD81 binding agent may be an antibody, sp^cificaUy a 
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monoclonal antibody, or a variant or part thereof capable of spedLfic blading 
to CD81, or a peptide, small molec\de or aptamer and ihe like, having the 
property of specific binding to 0D81. Specific embodiments of 01^81 bmdmg 
agents will be described below. 

Antibodies and variants or fragments thereof 

In a preferred embodiment the CD81 binding agent is an fiuatibody to 
CD81 or a variant or antigen binding fragment of such antibody. Such anti- 
bodies include, but are not limited to, polyclonal, monoclonal, chimeric, 
humanized, and fully human antibodies; antibody fragments include , Fab, 
F(Qh")^ or sin gle chain Fv fragments (scFv's). Antibodies to CDS J can be 
generated using methods that are well known in the art, e.g. for 
immunisation of mice. Monoclonal antibodies to CD81 can be prp^pared 
using any technique which provides for production of antibody molecules by 
continuous cell lines in culture. These include, but are not limited to, the 
hybridoma, the human B-cell hybridoma, and the EBV-hybridon^ a 
techniques. 

In addition, techniques developed for the production of chi%aeric 
antibodies can be used [See, e.g.. Pound (1998) Immunochemical Protocols, 
Methods Mol Biol Vol. 80]. 

Furthermore, humanised antibodies can be created e.g. by grafting 
the DNA encoding the antigen-binding loops (known as complem«)ntarity- 
determining regions or CDRs), from the DNA encoding a mouse ftionoclonal 
antibody into the DNA encoding a human IgG. 

As an alternative to humanisation, fully himian antibodies can be 
generated. These have high affinity for their respective antigens ^d can 
e.g. be obtained from very large, single-chain variable fragments (scFvs) or 
Fab phage display hbraries. Alternatively, ftiUy human antibodies can be 
obtained from transgenic mice that contain some, or preferably rtany, 
human immunoglobulin genes and genetically disrupted endogenous 
immxmoglobulin loci. Immunization of such mice elicits the produdion of 
human antibodies recoverable using standard hybridoma technology as 
mentioned above. 

Several techniques are known in the art for the production of 
antibody fragments. Fab or F(ab')2 fragments, which contain the Antigen 
binding sites, can e.g.be generated by proteolytic digestion of intabt 
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antibodies or directly produced by recombinant host cells. Alternatively, 
techniques described for the production of smgle chain antibodieft (ScFv's) 
can be employed. 

Various immunoassays can be used to identify antibodies leaving the 
desired specificity, i.e, CD81. Numerous protocols for binding, co&ipetitive 
binding or inmunoradiometric assays using either polyclonal or taonodonal 
ajxtibodies with established specificities are well known in the art. 

Peptides 

In another embodiment the CD81 binding agent is a peptide. 
Techniques for peptide synthesis are well known in the art; additionally 
peptides with the desired amino acid sequence can be obtained 
commercially. The peptides as contemplated in the present invention may 
consist of between 6 and 50, preferably between 8 and 40 and mote 
preferably between 10 and 30 amino acids. 

In one embodiment the peptide may represent the antigen-'binding 
site of a therapeutically effective anti^CDSl antibody. In general, an 
antibody comprises two types of polypeptides, the large H chains tod the 
smaller L chains. Each polypeptide comprises a C-terminal 'constant' region 
"and an N-terminal Variable' region which forms the antigen binding eite. 
The variable region is further divided into complementarity-detei*miiiing 
regions 'CDRs' which are deeply involved in the formation of the Plntigen 
binding site, and 'firameworks* which are present in-between. Peptides to be 
used as CD81 binding agents will comprise amino acid sequence s^tretches of 
the CDRs of a therapeutically effective anti-CD81 antibody. 

In another embodiment the amino acid sequence of the antihody is 
based on the E2 envelope protein of the hepatitis C virus. It is known that 
recombinant E2 protein binds to CD81 and that this binding results in 
modulation of the biologi.cal activity of the CD81 eacpressing ceU, ^s shown 
for natural killer cells (Crotta 2002). Hence it is contemplated that peptides 
based on the E2 region that interacts with CD81 can be used as Ct)81 
binding agents as envisaged in the invention. 

In yet another embodiment the peptide may be selected from a phage 
displayed peptide library, for example as described by Cao et al (2003). 

Various immunoassays can be used to identify peptides having the 
desired specificity, i.e. CD81. Numerous protocols for bmding, com^ietitive 
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binding or inxmunoradiomQtric assays ueing either polyclonal or monoclonal 
antibodies with established specificities are well known in the art. 



AptenriRrfl 

5 Aptamers are synthetic DNA or RNA oligonucleotides which can 

interact with target molecxdes with very high specificity and af&nity as a 
resnlt of their complex three-dimensional structure (for revi.ew, se^ e.g, 
Jayasena 1999, Burgstaller 2002). Aptamers consist of a random Nucleotide 
sequence flanked on both sides by known sequences that can be uRed for 

10 amplification by PGR. Aptamers have been raised against a variefy of 
molecules such as amino acids, drugs, and proteins. Aptamers with the 
desired specificity are generally selected in an iterative process, which 
starts with a Hbrary of typically thousands to billions of different ?iptamers. 
The Hbrary is adsorbed to the target (i.e. CD81 in the context of tl^e present 

15 invention) and the non-boimd aptamers are washed away and disfearded. 
The bound aptamers are recovered firom the target and subsequei^tly 
amplified by PGR. Then the strands of the amplified (double stranded) 
aptamers are separated and the enriched pool of aptamers is again adsorbed 
to the target for a second round of selection. The process is repeated until 

20 the desired specificity and affinity is obtained. Finally cloning and 

sequencing of the enriched aptamers provides imique DNA sequeAcea that 
may be synthesised and used as GD81 binding agents. 

Small molecules 

25 Libraries of small m.olectile compounds that can be used as test 

compounds are available from various commercia]. suppliers, and they can 
be made to order using techni,ques well known in the art, indludinig 
combinatorial chemistry techniques. Especially in combination with high 
throughput screening methods, such methods including in particular 

30 automated multichannel methods of screening, large libraries of t'^st 

compounds can be screened according to the methods of the invention- Large 
Ubraries can include himdreds, thousands, tens of thousands, huitdreds of 
thousands, and even milhons of compounds. 

The term "small** molecxiles as used herein refers to non-polymeric 

35 molecul.es, usually having molecular weights of not more than 20(^0, more 
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ususJJy molecular weights below 1000, preferably below 500 axid xUost 
preferably below 300. 

Thus in preferred ombodimexxta, the methods for scxeening *eet 
compounds can be performed on a large scale and with high throt^hput by 

5 incorporating, e.g., an axray-based assay system and at least one automated 
or semi-antomated step. For example, the assays can. be set up usiug 
multiple-well plates in which cells are dispensed in individual wells and 
reagents are added in a systematic manner using a multiweU deh^^ery 
device suited to the geometry of the multiweU plate. Manual and i^obotic 

10 mxdtiwell deUvery devices suitable for use in a high throughput screening 
assay are well known by those skilled in the art. Each well or arr^ element 
can be mapped in a one-to-one manner to a particular test condition, such as 
the test compoimd. Readouts can also be performed in this mtdtiv^^ell array, 
preferably using a mxiitiwell plate reader device or the .like. Sxam'^les of 

15 such devices are well known in the art and are available through 

commercial sources. Sample and reagent handling can be automat;ed to 
further enhance the throughput capacity of the screening assay, such that 
dozens, hundreds, thousands, or even millions of parallel assays c^ be 
performed in a day or in a week. Fully robotic system.s are known in the art 

20 for applications such as generation and analysis of combinatorial Hbraries of 
synthetic compounds. Alternatively, the binding of a test compourXd to CD31 
can also be determined directly. For example, a radiolabelled test substance 
can be incubated with GD81 so that binding of the test substance to CDSl 
can be monitared. For example, the radiolabelled test substance c^n be 

25 incubated with cell membranes containing the polypeptide until equilibrium 
is reached. The membranes can then be separated jfirom a non-boi^d test 
substance and dissolved in scintillation fluid to allow the ra.dioacttve content 
to be determined by scintillation counting. Non-specijac binding of the test 
substance may also be determined by repeating the experiments ill the 

30 presence of a saturating concentration of a non-radioactive ligand. 

Preferably, a binding curve is constructed by repeating the experitnent with 
various concentrations of the test substance. 

In a preferred embodiment the CDSl binding small molecuJe is a 
boraadaxaantane compound as disclosed in US patent 6613507 BI, which 

35 claims the use of such boraadamantane compounds for the treatirrexit of 
Hepatitis C virus infection. 
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Screetdng of CD81 bin f>ir>p: apffiT its for biological effects 

Agents that have met the first condition for selection as a CiDSl 
binduag agent (i-e, binding to 0D81), can subsequently be further Screened 
5 for their desired effects on the biological activity of CD81 expreasi^Lg cells. 
Numerous in vitro screening assays are known in the scientific literature 
that can be used to test the CD81 binding agents, including assays to 
determine cellular proliferation, adhesion, motility, secretion of 
inflammatory medi8.tor8 and the like. Preferably, the CD81 binduag agents 

10 are also t^st^d in an in vitro transmigration assay to determine v^/'hether 
and how efficiently they can inhibit or reduce lexikocyte transmigration- 
Said transmigration assay may comprise a continuous layer of endotheUal 
ceUs and leukocytes or a subpopulation thereof (for example monc^cytes or T 
cells) and allows for the quantitative determination of transmigrs^tion of 

15 leukocytes from, one side of the endothehal cell layer to the other side. An 
example of such a transmigration assay is described in the scientific 
Hterature (van der Goes 2001; Moris, 2002). 

Pharmaceutical formulation 

20 Therapeutic formidations of the CD81 binding agents can be prepared 

by mixing the CD81 binding agent with optional pharmacological]ly 
acceptable carriers, excipients or stabiHzers, in the form of lyophiSised 
formulations or aqueous solutions. Detaib on techniques for formulation 
and administration can be foimd in the latest edition of Remingtoii's 

25 Pharmaceutical Sciences (Mack Publishing, Easton Pa,), Acceptatile 

carriers, excipients, or stabilizers are nontoxic to recipients at the dosages 
and concentrations employed, and include buffers (such as phosphate); 
antioxidants; preservatives; carrier proteins (such as serum albutltiin, 
gelatin, ox immunoglobulins); chelating agents such as EDTA; sugars such 

3.0 as sucrose, mannitol, trehalose or sorbitol; saltforroing counter-iofes such as 
sodium; metal complexes (e.g. Zn-protein complexes); and/or non-i'onic 
surfactants such as polyethylene glycol (PEG). 

Treatment with a CD81 binding agent 
35 The pharmaceutical composition contaixaing a CD81 binding agent 

will, be formulated, dosed, and administered in a fashion consistent wj.tJi 



08/25/2006 FRI 06:48 [TX/RX NO 7900] IgjOl? 



25/08/2006 15:45 0031704166799 



VEREENIGDE 



PAG. 18/36 



WO 2005/082410 PCT/NUOOS/000135 

15 

good medical practice. Factors for consideration in this context indude the 
particular disease or disorder being treated, the particular mammal being 
treated, the dinical condition of the individual patiLeat, the cause of the 
disease or disorder, the method of admimstration, the scheduUng tif 

5 administration, and other feictors known to medical practitioners- The 
therapeutically cfifective amount of the CD81 binding agent to be 
administered will be governed by such considerations. 

A tlierapeutically effective dose refers to that amount of active 
ingredient which ameliorates the symptoms or condition. Therapeutic 

10 efficacy and toxicity can be determined by standard pharmaceutical 
procedures in cell cultures or with experimental anim.als, such as by 
calculating and contrasting the ED50 (the dose therapexiticaJJy effective in 
50% of the population) and LD50 (the dose lethal to 50% of the pct)ulation) 
statistics. 

15 The CD81 binding agent can be administered to a subject by any 

number of routes including, but not limited to, oral, intravenous, 
intramuscular, intra-arterial, intramedtdlary, intrathecal, intraventricular, 
transdermal, subcutaneous, intraperitoneal, intranasal, enteral, l^arenteral, 
topical, sublingual, or rectal means. The preferred route of adnunistration 

20 depends in part on the nature of the CD81 binding agent. 

A tjrpical daily dose is from about 0.1 to 50 mg per kg of body weight, 
according to the activity of the compound, the age, weight and conditions of 
the subject to be treated, the type and severity of the disease and the 
frequency and route of administration. Preferably, daHy dosage levels are 

25 from 5 mg to 2 g. 

The present invention is illustrated by the following non-limiting 
example studies. 

30 Materials and methods used in example studies 

Antibodies 

AU experiments were performed using the monoclonal antibody AMP- 
1 which binds to rat CD81. The AMPl antihody is a mouse IgGlrAised by 
35 immunizing mice with astrocyte membrane proteins as described in WO 
93/10798. The mouse anti-xat VLA-4 antibody TA2, was obtained from 
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Serotec (Oxford, UEQ. An irrelevant isotype matched contacol antibody (IgGl) 
was also obtained ficom Serotec (Oxford, UK) and used in the experiments as 
a negative controL 

For treatment of mice subjected to BAE the anti mouse CDSl 
5 antibody Eat2 was used. The Eat2 antibody is an armenian hamster IgGl 
raised against CDSl-positive mouse B cell lymphoma cells, and was 
obtained commercially from BD Biosciences Pharmingen (USA) ii^ the 
NA/LE™ (No Azide/Low Endotoxin) format. 



10 GPS eudothelaal cells 

The GPS endothelial cell line was established from cerebral 
endothelial ceU cultrores obtained from Lewis rat brain, by immo^rialiT^tion , ^} 

with the SV40 large T antigen as described previously (Greenwood 1996). 
GPS cells retain in culture many of the phenotypic characteristics of in vivo 

15 brain endothehal cells, including the expression of Zonrda Occlud^ns-1, von 
WOlebrand factor, P-glycoprotein, Glutamate transporter-1 and 
Intercellular Adhesion Molectile-1 (ICAM-1;). GPS cells were cultured in 
Ham's F12 medium (Gibco; life technologies) supplemented with 20% heat- 
inactivated FCS (Gibco; Life technologies), 2mM LrGlutamine, 100 U/jnl 

20 penicillin, and 100 |.ig/ml streptomycin. For transmigration experfanents, 
GPS cells were seeded in type I collagen-coated 96-well plates and grown to 
confluence at 37^C in a 5% CO2 incubat^or. The ctdture medium w^s replaced 
every other day until confluence was reached. 

25 NRSgSg monocytes 

The rat monoc^jrtic ceJl line NR8383 was obtained from the American 
Type Cnlture Collection (#0RIi-2192; Manassas. USA) and culttnr^d in 
KPMI-1640 (BioWhittaker, Oxford, UK) supplemented with 10% heat- 
inactivated FCS, 2 mM L-glutamine, 100 U/ml penicillin, and 100 f.ig/ml 

30 streptomycin. NR8383 cells were maintained as non-adherent cells in 75 . 
cm2 culture flasks in a 5% CO2 incubator at 37^0. 

Transendothehal mierration assay 

LeukoC3rte transmigration was assayed using a well-establifehed a 
35 time-lapse videomicroscopy assay that has been described (van det Goes 
2001; Floris 2002). Briefly, 50 ^1 of a 0.5 x 10^ ceUs/ml suspension of 
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NR8383 monocytes was added to 96-well plates contaiaing conflucMnt 
monolayers of GPS cerebral endothelial ceUe, The monocytes were then 
allowed to settle and migrate over a 4-hour period. At that point, 
transmigration was monitored by placing the co-cultures in an inverted 

5 phase^contrast xoicroscope (Nikon Eclipse TB300) housed in a tetf jperature- 
controlled (37*C), 5% OO2 gassed chamber. A ndcroscopic field (200x220 \xm) 
was randomly selected and recorded for 10 minutes at 1/50 of normal speed 
using a color video 3CCD camera (Sony, with a CMAD2 adapter) r^oupled to 
a time-lapse video recorder (Sony SVT S3050P). Tapes were analyzed by 

10 enumerating the number of cells within, the field that had transmigrated 
through the monolayer. Transmigra.ted monocytes could be readiliy 
identified because of their phase-dark appearance, whereas adhered 
monocytes still on t^p of the endothehal cells had a highly rcj5:actlve (phase- 
bright) morphology under phase contrast illumination. The level Af 

15 transmigration was calcul.ated by dividing the number of tran9roj'grat.ed 
cells by the total number of monocytes within the field and expressed as a 
percentage. Data axe expressed as the meaii ± standard deviation (SD) of 4 
individual weUs. The statistical significance of diflferencee between group 
means was det^ermined by Student's t-test. 

20 • 

TCypftrirriAntfll auto-immtme encenh gilit^ fRAK) 

Female SJL/J mice were obtained from Janvier (Bioservice^s, Schuijk, 
the Netherlands) and kept under specific pathogen-firee conditions. Mice 
were used when between 8 and 12 weeks of age. EAE was inducefl by 

25 immunizing the mice subcutaneous.Ty in the flanks with 50 fig of A peptide 
corresponding to amino acids 139-151 of the myelin constituent p Voteolipid 
protein (PLP139-151), emulsified in complete Freund's adjuvant ctontaining 
1 mg/mL Mycobacterium tuberculosis H37IIA (Difco Laboratories.^ Detroit, 
MI). Twenty-four hours after immunization, and again 72 h later, the mice. 

30 were injected intravenously with 9 x V)^^ Bordetella pertussis bac^fceria 
(RIVM, Bathoven, the NetJierlands). 

Five days after immunization the mice were injected in.trai>eritoneally 
with 100 \ig of Eat2 antibody, dissolved m PBS at 0.5 mg/ml. The injections 
were repeated every other day until day 23 after immunization. Ck)ntrol 

35 mice were injected at the same time with an identical volume of PBS. 
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Mice were examined daily for cliiiical signs of EAE and sacrificed at 
40 days post immunwation, EAE was scored as follows: grade 0, no clinical 
signs; grade 0,5, partial tail paralysis; grade 1, complete tailpaxaJyais; 
grade 2, paraparesis, limb weakness and complete tail paralysis; grade 3, 
complete hiad or front limb paralysis; grade 3.5, paraplegia; grad^ 4, 
quadriplegia; grade 5, death due to EAE. 



Results of example studies 

As a first evaluation of the effect of targeting 0D81 on leuk:ocyte 

10 transmigration , the effect of a anti-rat CD81 antibody (AMP-1) vtas tested 
in an in. vitro model of letjJkocyte transmigration as described abo^e. Two 
different concentrations of antibody were tested (10 |ig/ml and 50 fxg/ml). As 
shown in Fig. 1, the highest concentration of AMP-1 (50 ng/ml) resulted in 
an inhibition of transmigration by 37% (p < 0.01) compared to coiltrol IgGl, 

1 5 whereas a lower concentration of AMP-1 (10 m g/ral) resulted in an. inhibition 
of only 21% (p < 0,006). An isotype matched control mAb had no effect at all. 
It waB concluded from this experiments that treatment of endoth^slial cells 
and monocytes with different concentrations of AMP-1 reduced ni onocyte 
transmigration in a dose-dependent manner, with maximal inhibition at 50 

20 i-ig/ml. 

Next the following question was addressed: since it is knov^n that 
CD81 is present on the surface of both endothelial cells and monocytes, 
which of the two cell ts^pes is responsible for the inhibitory effect f^f anti- 
CD81 antibody on monocyte transmigration observed in Fig. 1? 1*t> address 

25 this question, the monocytes and endothelial cells were separately 

preiacubated with the anti-CDSl antibody. Before the monocytes were 
added to the endothelial cells to start transmigration^ the antxbodsy was 
washed away The preincubation was performed with either endothelial cells 
(EC) only, with monocytes (Mo) only, or with both monocytes and. 

30 endothelial cells. As shown in Pig. 2, treatment of both EC and MO with 50 
jag/ml AMP-1 restdted in an inhibition of transmigration by 55% £p < 0.001) 
compared to IgGl treated cells. Preincubation of NR8383 monocytes alone 
resulted in a similar inhibition (54%: p < 0,001), whereas preincubation of 
GPS cells alone inhibited monocyte transmigration to a lesser, but still 

35 statistically significant level (37% inhibition; p < 0.005). These results show 
that (1) a preincubation with antibody is sufficient to reproduce the 
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mMbitoxy effect observed in Fig. 1 where the antibody is present tb.roughout 
the transmigration period and (2) the inhibitory effect is predomitf.antIy but 
not exclusively mediated through CD81 on monocytes. 

During inflammation in vivo, leukoc3rte tra-nsmigra<Aon is usually 

5 associated with the e35)re66ion of activation markers by the endottielium, 
such as up -regulation of the cell adhesion molectde VCAM-1. As endothelial 
cell activation directly impacts on leukocyte transmigration we next 
investigated the effect of pre-activation of the endothelial cells on anti-CD81 
mediated inhibition of transmigration (Fig. 3). In this experiment* the 

10 endothehal cells were activated with a combination of pro-inflamiiiatory 
cytokines (interleukin-113 and iaterferon-y) for 48 hotirs prior to tAe 
transmigration assay. The assay was performed in the absence ot presence 
of 50 M-g/ml AMP-1 (anti-CDBl). Furthermore, an antibody against: the 
leukocyt.e receptor for VCAM-1 (VXA-4) was also included, becau^ it has 

1 5 been described that transmigration inhibition by this antibody is 

particularly sensitive to the activation state of the endothelium (Horis 
2002)- Thus, separate weDs were assayed in the presence ox absence of 10 
tig/ml of the anti-VIjA-4 antibody TA2. The results are shown in Pig. 3. In 
the presence of AMP-1, monocyte transmigration across non-stimtdated EC 

20 was again inhibited by 42 % (p < 0.001). When the endothelial cells were 

activated with ILrlB and IFNy, the level of inhibition was even higher (58%; 
p < 0.001). In the presence of anti-VLA-4, transmigration across activated 
endothelium was inhibited by 62% (p < 0.001), whereas transmigration 
across non-etunulated endothehum was not affected. These results 

25 demonstrate that anti-CDSl-mediated inhibition of monocyte 

transmigration is even more pronounced on activated EC, and furthermore 
this inhibition is as strong as anti-VLA4-mediated inhibition. 

Taken together, the example studies described above disclose and 
firmly estabhsh that CD81 is a potent target to inhibit the transUSiigration of 

30 CDSl-expressing leukocytes in vitro. 

It was then in.vestigated what the effect of an antibody against CD81 
would be in vivo, in gin animal model of inflammation known in the art to be 
dependent on leukocyte transmigration. This question was addressed using 
the E.AE model, an animal model for multiple sclerosis where lexi-kocytes are 

35 known to transmigrate into the central nervous system where th^y become 
involved in an organ-specific autoimmune response. To evaluate fhe 
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therapeutic efficacy of targeting CD81 in EAE, one group of mice v^ras 
trea.ted with Eat2 antibody, whereas a control group was injected With PBS. 

The results are depicted in Fig. 4. Control treated mice showed a 
typical coiirse of EAE with symptoms starting at 11 days pi. and ^rapidly 

5 reaching a peak arotmd day 13. Within days after the peak the sytaptoms 
declined again to a lower level which was then maintained imtil the end of 
the experiment. In mice treated with Bat2 the onset of symptoms was 
slightly delayed (median day of onset 15 versus 11 in the control group; 
p=0.069 Mann-Whitney test). In addition, the peak in disease activity was 

10 less severe (mean maximum score. 1.69 ± 0.38 versus 2-55 ± 0.39; j>=0.073). 
Throughout the course of the experiment EAE scores then remained 
signijacantly lower in the Eat2 treated animals, even after the iujfections 
with antibody were stopped at day 23. When JELAJE scores were exjiressed as 
a cximtdative nxunber throughout the observation period, the level of 

15 inhibition produced by the Eat2 antihody was 47% (mean cumvilative EAE 
score in Eat2 group 47.1 ± 8.7 versus 25.0 ± 7.0 in controls; p<0.QS). This 
result clearly demonstrates and discloses that targeting of CD81 with an 
antibody is effective in amehorating clinical, outcome in an experiinental 
inflammatory disorder associated with leuko^rte transmigration. 

20 
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